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Simple Shear Connections 


Single plate. 


lo 
lo 
lo 
Two 
angles 


(a) Double angle (b) Single angle (c) Shear tab 


Figure 11.1 part 1 
© John Wiley & Sons, Inc. All rights reserved. 
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Simple Shear Connections 


* Used to support simply supported beams at end 
connection 


* No moment resistance required 


* Must allow some rotation to occur at beam end 
(per pinned end assumption) 


* Several types standardized with design tables in 
Part 10 of AISC SCM 


* Single-Plate Connection is most common in local 
construction 
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Single-Plate Connections 


N Beam reaction applied to plate 


Bolts between plate 


Eccentricity 
must be 
considered 
in design 


Plate reaction DK D Plate welded to supporting 


by supporting member member with fillet weld each side 
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Single-Plate Connections 


* See Page 10-102 of AISC SOM for design procedure 


* Ensures that limit state is flexural yielding of connecting plate (not 
bolt shear) 


* Conventional Configuration: may use Table 10-10 
* 2to 12 bolts located in a single line 
Distance from bolt line to supports < 3 1/2" 
Standard or short-slotted holes 
Vertical edge distance per Table J3.4. 
Horizontal edge distance 2 2d 
Plate or beam web thickness limited per Table 10-9 
* Weld at each side of plate to supporting member is (5/8)tplate 
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Single-Plate Connections 


3 Table 10-10a (continued) 
/4-^- Single-Plate Connections 


damar Bolt, Weld and Single-Plate 
zd Available Strengths, kips 


Hole 


I 


N - Threads cui 
: X = Texcs excused 
maxrum den “ache 10-9. 
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Beam Coping 


* Beam-to-Girder connections 
may require "coping" of the 
top flange to accommodate 
connections within 
parameters of Conventional 
Configuration 
Must check block shear on 
connected beam web when 
top flange is coped 


otential block 
shear failure 
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Example 
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C & EE 141 


Welded Connections 
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Welded Connections 


* EXTREMELY IMPORTANT TOPIC!!!! 
* Inadequate connection design is the 
cause of many structural failures 
* Definition 


* A process by which metallic parts 
are connected by heating their 
surfaces to a plastic or fluid state 
and allowing the parts to flow 
together and join (with or without the 
addition of other molten metal) 
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Pros & Cons 


* Pros * Cons 
* Savings in steel * Need welding 
material equipment 
* Broader application Fire safety issues 
than bolting Toxicity issues 
* Aesthetically more Time consuming 


pleasing than bolts compared to bolting in 
* Easy to correct errors the field 


in the field Preheat requirements 


Testing requirements to 
ensure good weld 
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Welding Processes 


SMAW - Shielded Metal Arc Welding 
* “Stick” welding (hand held electrode is the "stick") 
* General purpose; used for most building construction 
FCAW - Flux-Cored Arc Welding 
* Flux filled steel tube electrode fed from a reel 
* High production/automation 
SAW - Submerged Arc Welding 
* Electrode is fed from a reel (usually automated) 
* Suitable for long straight and circumferential welds 
GMAW -— Gas Metal Arc Welding 
* Arc is shielded by gas cloud (typ. oxygen or argon) 
* High production/automation 
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Welding a Column Splice 


http://www. youtube.com/watch?v=u54onu0R5TQ 


Types of Welds 


Fillet weld 


Groove weld 
* Partial penetration groove weld 
* Complete penetration groove weld 


Plug & slot welds 


Flare 
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Fillet Weld 


* Most common, 
simplest weld 


* Doesn't require 
preparation of 
members to be 
joined 

* Generally least 
expensive 
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Fillet Weld 
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Fillet Weld Throat 


pM face Weld face 


Theoretical Theoretical 
face 2 face 
Theoretical = Theoretical 
throat throat 


Root —" Root —" 
Leg Leg 


1. EQUAL LEG (convex) 2. UNEQUAL LEG (not desirable) 


D 
[7] 
= 


* Theoretical throat = Cos(45°) x Leg 
* Theoretical throat = 0.707 x Leg 
* Theoretical throat also called “effective throat" 
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Partial Penetration 
Groove Weld 


* Weld extends through 
part of member 
thickness 

* Requires preparation 
of members prior to 
weld 
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Complete Penetration 
Groove Weld 


* Weld extends through full 
member thickness 

* Requires preparation of 
members prior to weld 

* Requires additional "NDT" 
inspection 
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Plug & Slot Welds 


Hole or slot cut in one 
of members to be 
joined 

Hole filled partially or 
fully with weld metal 
Used to stitch parts 
together 

Not a reliable choice 
for transferring shear 
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Flare Groove Weld 


* Very common weld 


* Proper designation for 
welding the edge of a 
curved member to a flat 
one (often mistakenly 
called-out as a fillet 
weld) 

Doesn't require 
preparation of members 
to be joined 
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Welding Positions 


HORIZONTAL VERTICAL OVERHEAD 


1 CHOOSE LINCOLN. TE WELONG EXPERTS 


Table 8-2 Table 8-2 (continued) 
Prequalified Welded Joints Prequalified Welded Joints 


Basic Weld Symbols 
Groove or But 


‘Sy ar a Typen 


Back | Fiet | siot [Square] V | Bevel u | s |Fiarey 


DN ALA 


Backing | Spacer | Aroun 


ojojo; Æ ox 


Standard Location of Elements o a Welding Symbol 


Basic Weld Symbols 


Table 8-2 (continued) 
Prequalified Welded Joints 


Basic Weld Symbols 
Groove or Butt 


Plug 


| or | 
Back | Fillet Slot | Square v Bevel U 


^| Na uvis 


Supplementary Weld Symbols 


Flare 
J Flare V | Bevel 


Contour |For other basic and 
Weld All —— — —, supplementary 
Backing Spacer Around |Field Weld| Flush Convex |weld symbols, see 


T O ja | — AWS A2.4 


Basic Weld Symbols 


Finish symbol —— 


Contour symbol 


Root opening, depth 
of filling for plug 
and slot welds 


Effective throat 


Depth of preparation — 
or size in inches 


Reference line 


Tail (omitted when. 
reference is not used) 


Elements in this 


Basic weld symbol an 


— Groove angle or included 
angle or countersink 
for plug welds 


Length of weld in inches 


Pitch (c. to c. spacing) 
of welds in inches 


/—— Field weld symbol 


,— Weld-all-around symbol 


/ Arrow connects reference line to arrow side 
int. Use break as at A or B to signify 


that arrow is pointing to the grooved 
ea remain as 


or detail reference Mou ion member in bevel or J-grooved joints. 


and arrow 


are reversed. 


Example Weld Callouts 


5/8" fillet weld, 


each side of 


plate 


3-8 GROUT HOL 
AS REQUIRED 


LE 


5/8” effective throat PJP 
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Filler Metal Requirements 


* Weld filler metal 
" " (fete Tudor Tas dnllawitg esc Bake Table tho acctee Ge AGE RLI 
typically designated p 5 E 


EGCOOUETOOGCICNE asa 


Strength of filler metal | LL Meshing Piar Mant 


indiestedioyiirctiwomm) JESSE 
j Af » V in. Aare re go dent 
numbers (ksi) : ERNE A BE SORS CS Ber, vee, Even 


pe Orr putebcutoite FS bl mier mad 
Filler metal strength — — 
2 EIL. dt f ir ert 
requirements vary — —————— 
according to base eee ism pani me AY, I Ts SR A 


metal. Given by AISC — [exe ener ues avana tne eh v 
specification. 
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Design Strength of Welds 


Fillet Welds 


TABLE J25 (continued) 
Available Strength of Welded Joints, 


Strength of Fillet Welds 


F, = 0.60 Foxy A,, 


* Fey, = strength of the weld filler metal 
* Ans = net area (effective throat x weld length 
* 020.75 


Strength of Fillet Welds 


© 
Material A> T TE j/ «Material A 


à t 


O 
Fig. C-J2.10. Shear planes for fillet welds loaded in loi nal shear. 
Plane (1-(1) for material (A) 


for weld metal 


: Plane (3-(3) for material (B) 
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Other Fillet Weld Considerations 


* Minimum size per Table J2.4 
* Must have enough weld heat to prevent rapid 
cooling (based on size of plates being joined) 


TABLE 42.4 
Minimum Size of Fillet Welds 


(Gane fet) Thdebaiess et Baeu Gen ot 
"Resin Pax? deine, t. Sous} [ CIT 


To gj weha 
[NA] 
raa Voie usa qo 

Or S qu) 


9h Len UMIERA ax tie? colto. Grae Bas tlds Tasas gen sed. 
Keto Bas Gaon JB foy recor the ai irl som. 
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Other Fillet Weld Considerations 


* Maximum size 
* For edges less than 74", not greater than the thickness of material 
* For edges %” or more, use thickness of material minus 1/46” 
* Minimum effective length 
* 4 x nominal size 
* Maximum effective length and reductions 
* € 100 x leg » no strength reduction 
* > 100 x leg » strength reduction = f = 1.2 — 0.002(L/w) s 1.0 
* > 300 x leg » strength reduction = p = 0.6 
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Other Fillet Weld Considerations 


Fig. C-J2.2. Longit 


nal filler welds. 
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Weld Strength 


Complete Penetration Joint Welds 
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TABLE J2.5 


ksi (MPa) 


Available Strength of Welded Joints, 


Load Type and 
Direction Relative 
to Weld Axis 


Pertinent 
Metal 


Nominal 
Stress 
(Fnem or 
Frw) 


and Q | ksi (MPa) 


Effective 
Area 
(Asmor 
Awe) 
in.? (mm?) 


Required Filler 
Metal Strength 
Level [sib] 


— COMPLEIEJOINT-PENEIRATION GROOVE WELDS. _ 


Tension 
Normal to weld axis 


Strength of the joint is controlled 


by the base metal 


Matchin, 
be used. For T- and 
corner joints with backing 
left in place, notch tough 
filler metal is required. 
See Section J2.6. 


Compression 
Normal to weld axis 


Strength of the joint is controlled 


by the base metal 


strength level equal to 
or one strength level 
less than matching 

filler metal is permitted. 


Tension or 
compression 
Parallel to weld axis 


Tension or compression in parts joined parallel 
to a weld need not be considered in design 


of welds joining the parts. 


Filler metal with a 
strength level equal to 
or less than matching 
filler metal is permitted. 


Shear 


Strength of the joint is controlled 
by the base metal 


Matching filler metal 
shall be used." 


Strength of CJP Welds 


The strength is that of the Base Metal 
The purpose of a CJP is to develop the 
FULL strength of the Base Metal 

Most expensive type of weld 

* Process highly controlled 

* Increased Testing and Inspection 

* More preparation and clean-up 


Use only when absolutely necessary 
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Table 8-2 (continued) CJP 
Prequalified Welded Joints 
Complete-Joint-Penetration Groove Welds 


Single-V-groove weld (2) 


(see 3.18.1) 
w-0 | the 
a= +10°,-0° | «105-57 


Base Metal Thickness Allowed 
(U = unlimited) Welding 

Tn To | Root Opening Positions. 
R=" 
u U R-3s 
R= 
R= 
R= 
Ra 
R=% 
[R7] 


Weld Strength 


| Joint Penetration Welds 
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TABLE 42.5 
Available Strength of Welded Joints, 


Lond Tapoan 


Or distri qi eniti tren tn gain. 


Pp | iem 


[rd 


[ aswaa 


wa Aion | Smem 
TERTON ar KIPPE DISON Y pur pier EREDI 
isan ferent nri tod vetita noii 
| IIT. meam jon ao gato. 
[7] [TTL 


uem 7 = on 
ma | Sia MEE 


Strength of PJP Welds 


Weld Metal: R, = 0.60 Fryx A.. 


Base Metal: R, = Fm 4sm 


Fgm = Strength of the Base Metal (F) 
Agy = cross-sectional area of Base Metal 
Fgyx = strength of the weld metal 
Ans = net area (effective throat x weld length) 
Q = 0.80 for weld 

* @ - 0.75 for base metal 
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Table 8-2 (continued) PJP 
Prequalified Welded Joints 
Partial-Joint-Penetration Groove Welds 


] Allowed Total 
Weiding | Weld Size | Notes 
Positions ® 


BTC-PA-GF Yamin u 


saw | TC-P4-S The min u 


Effective Throat of PJP Welds 


TABLE 42.1 
Eflaciive Throat af 
Partisl-Joini-Penetration Greove Welds 


ax 
a 


Somers | 


Syrivgodi an BAM 

Qus ti os INEA 

Voss cared £98 1 9569) 

Blech retes nm QNS 
Gus mati oe EAS 
Ranana axa FAR 
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Weld Strength 


Flare Groove Welds 
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Table 8-2 (continued) 
Prequalified Welded Joints 
Flare-Bevel Groove Welds 


Effective Weld Size of Flare Groove 
Welds 


TABLE J2.2 
Effective Weld Throats of Flare 
Groove Welds 


Welding Process Flare Bevel Groove! Flare V-Groove 


GMAW and FCAW-G 5a R 3AR 


SMAW and FCAW-S She R 5/8 R 


SAW She R eR 


ll For flare bevel groove with R < 3/8 in. (10 mm), use only reinforcing fillet weld on filled flush joint. 
General note: R= radius of joint surface (can be assumed to be 2t for HSS), in. (mm) 
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Questions? 
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Example Problem #1 


1/4” Hanger Plate 
(A572 Gr 50) 
Calculate the welded to 


capacity of the connection plate 
welded . E 
connection. Rigid 


Connection Platd 


Fexx = 70 ksi 


| 1 | 
if j 
10 


Connection Detail 


Example Problem #1 


A572 Grade 50 Steel 
Fy = 50 ksi; Fu = 65 ksi 


Filler Weld Capacit 


Fexx = 70 ksi x E Rigid 
—~ Connection Plate 


Strength of Connection: 
Yielding of plate: 
Ag 4^: 10" 22:5 in? 
OP, = OF, A, 
= 0.9 - 50 ksi - 2.5 in? 
= 113 kips 
Capacity of Weld: 
OP, = 00.6F,,, tL 
= (0.75)(0.6)(70ksi)(0.707x3/16")(20") 
= 83.5 kips Governs Connection Detail 


